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RESUMO. Uma análise da Função Ortogonal Empírica foi realizada usando 22 anos de correntes 
superficiais mensais para investigar os principais modos de variabilidade da circulação superficial do 
Atlântico Tropical (AT) com base em dados de satélite. O primeiro modo da componente zonal retém 

mais de 50% e o segundo 8% da variância total, representando respectivamente o ramo central da 
Corrente Sul Equatorial (cCSE) e um dipolo zonal com um sinal positivo para o oeste, e um negativo para 
leste na região da Língua Fria do AT. O primeiro modo meridional explica 18% da variância total, com 
alternância de estruturas positivas e negativas no norte do AT Ocidental, representando a alta dinâmica 
associada à retroflexão da Corrente Norte do Brasil (CNB) e seus vórtices anticiclônicos. O segundo modo 
meridional (cerca de 12%) representa a alta variabilidade da CNB. No primeiro modo da velocidade das 

correntes predomina o padrão da cCSE (30%) e o segundo (8%) representa o dipolo zonal entre a 
piscina quente do AT e a Língua Fria do Atlântico. Estes modos dominantes de variabilidade das correntes 
superficiais contribuem para a compreensão dos processos de interação oceano-atmosfera, variabilidade 
do transporte meridional e zonal, e a dinâmica da superfície no AT. 

Palavras-Chave: Função Ortogonal Empírica, Sensoriamento Remoto, Correntes Oceânicas, 
Dinâmica dos Oceanos, Atlântico Tropical. 

 

ABSTRACT. An Empirical Orthogonal Function (EOF) analysis was performed using 22 years of monthly 
surface currents in order to investigate the main modes of variability of the Tropical Atlantic surface 
circulation based on satellite data. The EOF1 of the zonal component captures more than 50% of the total 
variance and represents the central branch of the South Equatorial Current (cSEC). The EOF2 of the zonal 

component (~8% variance) represents a zonal dipole with a positive signal to the west, and a negative 

one to the east in the Atlantic Cold Tongue (ACT). The meridional EOF1 (18% variance), with alternating 

positive and negative structures in the western tropical North Atlantic, representing the high dynamics 

associated to the North Brazil Current retroflection and its anticyclonic eddies. The meridional EOF2 (~ 

12% variance) represents the high variability of the NBC, with stronger intermittent signals propagating 
from the eastern Atlantic. In the EOF1 of currents speed predominates the cSEC pattern (30%) and the 
EOF2 (8%) represents the zonal dipole between South Atlantic Warm Pool and the ACT. These dominant 
modes of surface current variability contribute to the understanding of the ocean-atmosphere interaction 

processes, zonal and meridional transport variability, and the surface dynamics in the TA. 

Keywords: EOF Analysis, Remote Sensing, Ocean Currents, Oceanic Dynamics, Tropical Atlantic. 
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INTRODUCTION 

 The pathways and mechanisms of ocean transport are crucial issues in understanding the 

present state of climate and the possibilities of future changes (Ganachaud and Wunsch, 2000). 

The surface currents in Tropical Atlantic (TA) are marked by a wide range of space-time 

variability. In the equatorial ocean region, for example, the variability occurs over a wide range 

of time and space scales, with a complex area of predominantly zonal currents, composed by 

westward currents and eastward countercurrents (Arnault and Kestenare, 2004). The upper 

zonal current system in the tropical Atlantic is of great importance for both interhemispheric 

and west-to-east exchange of heat, salt, and nutrients (Brandt et al., 2008; Foltz et al., 2003; 

Kirchner et al., 2009). The TA region is characterized by the presence of two broad, westward 

flowing currents, the South Equatorial Current (SEC) and North Equatorial Current (NEC). The 

SEC extends from the surface to 100m depth and it is divided into three branches: the southern 

South Equatorial Current (sSEC), the central South Equatorial Current (cSEC), and the northern 

South Equatorial Current (nSEC). Near the Brazilian coast, the sSEC bifurcates giving origin to 

western boundary currents: Brazil Current (BC) and North Brazil Undercurrent (NBUC). The 

sSEC bifurcation has a climatological mean position in about 15ᵒ S, with a southernmost 

position in July, and a northernmost in November (Rodrigues et al., 2007; Stramma and 

England 1999).  

 The southward limb of the sSEC becomes the BC and merges into the South Atlantic 

subtropical gyre system. The northward limb of the sSEC flows into the NBUC (Stramma and 

Schott, 1999; Stramma et al., 2005; Veleda et al., 2012) and, as a western boundary current, 

it carries warm waters from South Atlantic across the equator to the northern hemisphere. The 

cSEC joins the NBUC near Cape São Roque at 5ᵒS, inducing its vertical structure to change from 

an undercurrent to a surface-intensified current, resulting in the North Brazil Current (NBC). 

The NBUC/NBC system supply northward warm-water, as part of the thermohaline overturning 

circulation (Gordon, 1986; Schmitz, 1995). The NBUC has a mean northward transport along 

the northern coastline of Brazil, with a seasonal cycle of northward flow maximum in July 

(Schott et al., 2005). 

 The NBC flows to the northwest with maximum speeds around 1.0 ms-1 (Richardson et 

al., 1994), with maximum transport (36 Sv) in July – August, and minimum (13 Sv) in April - 

May (Johns et al., 1998). This current carries nutrients from the Amazon River discharge 

northwestward along the Brazilian Shelf (Muller-Karger et al., 2005). The NBC transport is 

maximum when the current reaches maximum latitude and a ring is shed (Garzoli, 2004). The 

NBC dynamics produces several mesoscale rings. According to Jochum and Malanotte-Rizzoli 

(2003), circulation models had showed that NBC retroflection generates around 6 to 7 

anticyclonic vortices per year. Theses vortices propagate northwestward along the Guyana coast 

(Didden and Schott, 1993; Wilson et al., 2002) by the potential vorticity conservation. The 
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detachment of anticyclonic eddies from the NBC retroflection is observed during November 

through January, when the NBC retroflection into the NECC weakens and finally breaks down 

(Didden et al., 1993). Moreover, the NBC rings are responsible for more than half of the inter-

hemispheric exchange of mass and heat associated with Meridional Overturning Circulation 

(MOC) (Garzoli et al., 2003). So that, monitoring of the NBC rings on the ocean surface currents 

variability is important for the climate studies and ocean-atmosphere interaction processes. 

 The NBC variability is also affected by the direction of the winds in the northern Brazil. 

Trade winds vary seasonally along with the Intertropical Convergence Zone (ITCZ), which 

migrates latitudinally from March to April in around 5ᵒS, and in August to approximately 15ᵒN. 

This ITCZ drives the variability of the trade winds, mainly in the equatorial band, which are 

predominantly from the southeast during the June to November and from the northeast in 

December to May in the Tropical Atlantic (Geyer et al., 1996). When the Northeast trade winds 

are predominant, the NBC is confined along the coast and flows northwestward. However, 

during the predominant period of the Southeast trade winds, the NBC expands and retroflects 

eastward between 5ᵒ N and 10ᵒ N (Bourlès et al., 1999). Consequently, the NBC retroflection 

feeds the North Equatorial Countercurrent (NECC), with eastward-transported waters, rich in 

nutrients, from the Amazon River plume (Coles et al., 2013; Fonseca et al., 2004; Richardson 

and Reverdin, 1987). The NECC has low annual mean velocities of 5-10 cm/s (Richardson and 

Walsh, 1986), zonal current flows from west to east that varies seasonally. 

 The NECC flows eastward feeding the Guinea Current (GC) in the eastern TA, which is 

strongest in the boreal summer (Longhurst, 1962). The GC flows eastward throughout the year, 

with a maximum mean velocity of 42 cms-1 at 4ᵒN, 7.5ᵒW (Richardson and Walsh, 1986). At 

south of GC, the Angola Current (AC) is a narrow current and moving fast along the Angola 

coast in which transports saline and warm water to near the coast (Hardman-Mountford et al., 

2003), and it is influenced by Equatorial Atlantic variability (Chang et al., 2008). Another 

feature near the AC is the Angola Dome (AD), which is a cold region, associated with the 

cyclonic turn of the South Equatorial Undercurrent (SEUC) (Peterson and Stramma, 1991). The 

AD forms a cyclonic gyre, centered at 10ᵒS and 9ºE, which links the South Equatorial 

Countercurrent (SECC) with the AC (Doi et al., 2007). North of the Gulf of Guinea, Bakun 

(1978) found a correlation between intensification of the Guinea Current (GC) and local cooling, 

since the GC carries cool water from the African coast to center of the basin.  

 The dominant seasonal SST, with low temperature in the eastern equatorial Atlantic, 

characterizes the formation of the Atlantic Cold Tongue (ACT) (Caniaux et al., 2011). In May–

June, the ACT develops rapidly when the ITCZ shifts northward over the eastern Atlantic, with 

cross-equatorial southerlies intensifying, and reaches its peak in July–August (Okumura and 

Xie, 2004). The ACT is reduced through weakening of the southerly cross–equatorial winds from 

September onward (Deppenmeier et al., 2016). The covariability of the trade winds over the 
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western part of the basin with SST and heat content in the eastern TA was analysed by De 

Almeida and Nobre (2012). These mechanisms compose the Bjerknes feedback (BF), which is 

responsible for the ACT mode. The ACT has a positive feedback phase peaking during boreal 

summer, when the Bjerknes feedback is stronger. The Bjerknes feedback consists of three 

components, which the first one is the influence of SST anomalies in the eastern part of the 

equatorial Atlantic basin on zonal winds. The second is the effect of the zonal winds anomalies 

in the western equatorial Atlantic on the Heat Content (HC) of the eastern equatorial Atlantic, 

and the third one the local effect of the HC anomalies on overlying SSTs in the cold tongue 

region (Deppenmeier et al., 2016). 

 The west and east of the TA are not independent of each other; they are related in a high 

dynamic system. Strength and position of the South Atlantic anticyclone impacts on timing of 

the ACT (Caniaux et al., 2011), consequently it influences the SST variability over the TA. 

Moreover, the oceanic pathway consists of westward propagating of the TIWs along the 

equatorial Atlantic, forced by equatorial zonal wind stress anomalies (Hormann and Brandt, 

2009; Servain et al., 1982). Thus, the TA is a region of high interhemispheric heat exchanges, 

so the study of the surface current dynamics contributes to the understanding of the zonal and 

meridional transport variability, such as the ocean-atmosphere interaction processes. 

 The exchanges between ocean and atmosphere in the TA are closely related to processes 

of global climate change and air-sea CO2 exchanges distribution, since that the surface currents 

are the major carriers of heat and nutrients. Thus, the knowledge of the ocean dynamics is 

necessary for understanding the effects that control the interannual climatic variability and 

interactions between tropics and subtropics (Schouten et al., 2005). Therefore, the main goal of 

this study is to estimate the dominant modes of surface current variability in the TA, based on 

satellite data. 

 

METHODS 

 The study area comprised the region in Tropical Atlantic from 15ᵒ S to 15ᵒ N in latitude, 

and from 70ᵒ W to 20ᵒ E in longitude (Fig. 1). We used 22 years of monthly horizontal velocity 

(zonal and meridional components) of surface currents, from 1993 to 2014, with 1/3ᵒ grid 

resolution. The Ocean Surface Current Analyses Real-time (OSCAR) project is a NASA Earth 

Science funded research project to use satellite fields to create global surface currents 

(www.esr.org/oscar_index.html) (Dohan and Maximenko, 2010). The OSCAR project attempts 

to better understand air-sea momentum exchange using satellite observations with simplified 

physics to calculate global ocean currents (Dohan, 2017). OSCAR currents combine Ekman and 

geostrophic currents based on QuikSCAT winds and TOPEX Poseidon sea level height 

measurements (Bonjean and Lagerloef, 2002). 
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 Sudre and Morrow (2008) have confirmed, by statistical comparison of the OSCAR 

products with equatorial current meter velocities, good correlation for both the zonal and 

meridional velocity components. They also find that the OSCAR product shows higher zonal and 

meridional correlations along the equator compared to the Centre de Topographie des Océans 

et de l’Hydrosphère (CTOH) currents. A recent study by Johnson et al. (2007) carefully 

characterized the spatial and temporal resolution of their surface current product, in comparison 

with the available in situ data (surface drifters, TAO current meter arrays, etc.). They found that 

in the OSCAR products, the zonal current variability is reasonably accurate in the near-

equatorial region, at periods of 40 days and better estimated than the meridional currents. 

According Sudre and Morrow (2008), CTOH and OSCAR satellite surface products show a high 

correlation with the zonal surface drifter velocities, particularly around the North Equatorial 

Current at 10°N, with lower correlations in the southern tropical band. They also find that 

neither OSCAR and CTOH products captures the meridional current system in the 10° N–10° S 

band, because these meridional velocities are dominated by tropical instability waves and 

shipboard ADCP instruments. 

 In order to estimate the main patterns of surface currents in the TA, Empirical Orthogonal 

Function analysis (EOF) and their respective Principal Components (PCs) were performed. The 

EOF can separate the spatial and temporal patterns of the data (Oh and Suh, 2018) and was 

constructed by a Singular Value Decomposition (SVD) analysis (Bretherton et al., 1992). The 

scores of the SVD modes were calculated by the squared covariance fraction (SCF) which 

expresses the percentage of variance explained by the modes. The PCs periodicity were 

analysed by applying wavelet analysis. The EOF was applied to monthly anomalies of currents. 

The anomalies were calculated removing the monthly climatology for the 22 years. 

 

 

Figure 1. Schematic of surface and subsurface tropical Atlantic Ocean currents. North Equatorial Current 

(NEC), North Equatorial Countercurrent and Undercurrent (NECC, NEUC), South Equatorial Current with 

northern, central and southern branches (nSEC, cSEC, sSEC), South Equatorial Undercurrent SEUC), 

Equatorial Undercurrent (EUC), North Brazil Current (NBC), North Brazil Undercurrent (NBUC), GD (Guinea 
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Domes), Angola Domes, and the NBC anticyclonic ring (R) displacement. Colored map represents the 

average SST (June, July and August 2009). 

 

RESULTS 

 In this section are presented the main modes of variability, identified through the EOF 

analysis. The EOF mode and its respective Principal Components (PCs) were performed to the 

surface current velocities as to the zonal and meridional components. The analysed results 

allowed quantifying the main modes of surface currents in the tropical Atlantic (TA). Associated 

to each PC we perform the wavelet analysis to detect the main patterns of variability. 

 

EOF ANALYSIS OF THE MERIDIONAL COMPONENTS 

 The Figures 2-4 represent the main patterns identified in the meridional component. In 

the first EOF (EOF1), the meridional component explained 18.77% of the total variance (Fig. 2). 

 

 

Figure 2. First EOF mode of 22 years of the surface meridional component, the Squared Covariance 

Fraction (SCF) in percentage, and the first Principal Component (PC1). 

 

 The main characteristic of the first mode shows a spatial pattern with alternating positive 

and negative cores of meridional component. This pattern is confined to the Western Tropical 

North Atlantic (WTNA), which is a region characterized by strong variability of the NBC 
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retroflection and rings (Johns et al., 1998). In approximately 50ᵒW, where there is the Amazon 

River, we identify a negative core (southward movement) at the left of the river mouth and a 

positive core at the right. These alternating cores reach approximately 55ᵒW, which is a 

predominant limit identified as the NBC retroflection (Fratantoni and Glickson, 2002; Johns et 

al., 1990). In the eastern Tropical Atlantic, this pattern weakens, and it is not well defined as in 

the western basin. 

 The spatial pattern of EOF2 of the meridional component (Fig. 3) corresponded to 11.98% 

of the covariance. As in the first EOF, the main characteristic of the second mode shows a 

spatial pattern of alternating positive and negative cores, also confined to the WTNA. We 

identify a positive core (northward movement) at the river mouth position, followed by negative 

core displaced to the west. The last positive core more west can indicate the NBC retroflection, 

in this case positioned approximately at 60W. Comparing the last positive core at west in the 

WTNA, in the EOF2, with the respective position in EOF1, we identify a westward shift of these 

alternating signals. The eastern part of the basin shows similar pattern, but weaker in 

comparison with the WTNA. Nevertheless, the EOF2 exhibits stronger variance in the eastern 

basin than in the EOF1. The spatial pattern of the second mode in the east side of the basin is 

well defined, with alternating positive and negative signals, confined between 5° S and 5° N. 

 

 

Figure 3. Second EOF mode of 22 years of the surface meridional component, the Squared Covariance 

Fraction (SCF) in percentage, and the second Principal Component (PC2). 
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 The third mode (EOF3) explained 10.29% (Fig. 4) of the total variance. Similar to the first 

modes 1 and 2, the main spatial pattern of the third mode also shows alternating positive and 

negative cores in the WTNA. We identify a negative core (southward movement) at the right of 

the river mouth position, followed by positive core in the west. In this case, high variance exists 

to the west, with continuous alternating positive and negative signals. The eastern part of the 

basin shows alternate pattern, but not well defined as in comparison with EOF2. 

 The EOF4 of the meridional component corresponded 8.97% (not showed), EOF5 retains 

5.57% of the total variance (not showed) and showed similar pattern to the EOF1. In these 

modes, we identify the low variance with continuous alternating cores of positive and negative 

values, along the equatorial region. However, these structures are better defined in the three 

first modes. The Principal Components (PCs) are associated with each mode, they showed very 

similar pattern with high frequency oscillations. 

 

 

Figure 4. Third EOF mode of 22 years of the surface meridional component, the Squared Covariance 

Fraction (SCF) in percentage, and the third Principal Component (PC3). 

 

WAVELET ANALYSIS OF THE MERIDIONAL COMPONENTS 

 For extracting more information, the wavelet analysis is applied and identifies the 

dominant periodicities from the PCs for the meridional component. The wavelet analyses of the 

PCs 1, 2 and 3 (Fig. 5) exhibit the periodic components of variability in the time series. The 
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wavelet of the PC1 showed a strong peak in the variance in 2000 with periodicity about 12 

months and intraseasonal peaks in 2002, 2003, 2005, 2008 and 2012. The PC2 showed 

intraseasonal peaks between 2002, 2003, 2005, 2007, 2011, 2012. A strong and continuous 

variance signal with about 36 month-period is identified in the years from 2002 to 2008. In the 

PC3 the strong intraseasonal variance is identified in 2001/2002 and strong annual anomalous 

signal between 2003 and 2004 and 2007/2008. 

 

 

Figure 5. The wavelet transform of the Principal Components (PC1, PC2 and PC3) from the EOF1, EOF2 

and EOF3 respectively of the meridional component along the Tropical Atlantic. 

 

EOF ANALYSIS OF THE ZONAL COMPONENTS 

 The following results (Figs. 6, 7, 8) show the EOF analysis of the zonal components. The 

first mode (EOF1) corresponded to 50.73% of the total variance (Fig. 6). The spatial pattern 

shows a negative signal between 5ᵒ S - 5ᵒ N, which cover the cSEC position (3ᵒ - 5ᵒ S). This 

negative signal covers the area from the African coast to the Brazilian coast, and along to the 

north coast, where it represents the NBC flow. Besides that, at the 7ᵒ N, the first mode shows a 

positive signal flowing eastward, from approximately 51ᵒ W to 10ᵒ E (Fig. 6), which can be 

associated to the NECC position. 
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Figure 6. First EOF mode of 22 years of the surface zonal component, the Squared Covariance Fraction 

(SCF) in percentage, and the second Principal Component (PC1). 

 

 The second mode (EOF2) of the zonal component explained 8.23% of the total variance 

(Fig. 7). The EOF2 shows a positive signal in the WTNA. This positive signal exists along the 

north Brazil coast. North of the positive signal in the WTNA, there is a negative signal 

approximately 7-8ᵒ N, which is associated with the NECC, this negative signal is an interannual 

pattern. This signal is followed at north by a positive signal. In the eastern equatorial Atlantic, a 

negative signal exists from the African coast to the middle of the basin at the same area of the 

cold tongue. This zonal dipole is associated with the Bjerknes feedback (BF), once the BF is 

stronger when the cold tongue shows a positive phase peaking during boreal summer (De 

Almeida and Nobre, 2012; Deppenmeier et al., 2016). 

 The third mode (EOF3) represents 5.67% of the total variance (Fig. 8), with a positive 

signal around 7ᵒN flowing approximately from the 50ᵒW to 10ºW (Fig. 8), related to the NECC 

position. Approximately between 3ᵒ S and 5ᵒ N, a predominant negative signal, indicating a 

westward flow, crossing the Atlantic basin, and then flowing north-westward along the north 

Brazil coast, as the NBC position. Further South, between 3ᵒ-5ᵒ S, a positive signal indicates 

eastward flow, from the Brazilian coast to African coast. 
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Figure 7. Second EOF mode of 22 years of the surface zonal component, the Squared Covariance Fraction 

(SCF) in percentage, and the second Principal Component (PC2). 

 

 

Figure 8. Third EOF mode of 22 years of the surface zonal component, the Squared Covariance Fraction 

(SCF) in percentage, and the second Principal Component (PC3). 
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WAVELET ANALYSIS OF THE ZONAL COMPONENTS 

 For the zonal component, the wavelet analyses of the PC1 presents the strongest variance 

signal with12‐month and 6-month period mainly in 2004-2005 and 2008-2009 (Fig. 9). The 

years 2004-2005 were marked by the negative phase of Atlantic Niño, which explain strongest 

southeasterly winds and strong positive zonal currents anomaly. The strong variance identified 

in 2008 coincides with a strong negative anomaly in the PC1 and a positive phase of Atlantic 

Niño. In the PC2, the dominant periodicities of strongest variance are in the annual band, 

between 1997 and 1999, and for 32-month period from the 1996 to 1999 and a strong 

interannual signal in the years 2008 to 2011. In PC2 also were identified intraseasonal peaks in 

the variance in 1998, 2001, 2009 and 2012. For the wavelet analyses in the PC3, two 

intraseasonal peaks were showed in 1996 and 2004, one for 16-month period between 2005 

and 2007, and another for 24-month period during 2010 and 2011 (Fig. 9). 

 

 

Figure 9. The wavelet transform of the Principal Components (PC1, PC2 and PC3) from the EOF1, EOF2 

and EOF3 respectively of the zonal component along the Tropical Atlantic. 

 

EOF ANALYSIS OF THE SURFACE CURRENT VELOCITIES 

 The next results show the EOF of the current speed (Figs. 10, 11, 12). The variance 

explained by the first mode (EOF1) of the surface currents retains 30.03% (Fig. 10) of the total 
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covariance. Besides, in the EOF1 there is a dominant negative signal, covering a broad area 

between5ºS at 5ºN and 50ºW at 5ºE (Fig. 10). 

 

 

Figure 10. First EOF mode of 22 years of the surface current speed, the Squared Covariance Fraction 

(SCF) in percentage, and the second Principal Component (PC1). 

 

 The second mode (EOF2) retains 8.16% (Fig. 11) of the total variance. This mode 

highlights the zonal dipole in the equatorial region, as detected in the second mode of the zonal 

currents. The negative signal covers the region of the cold tongue in the eastern equatorial 

Atlantic (Caniaux et al., 2011), which is controlled by BF. In contrast, on the western of the TA, 

the positive signal covers the warm pool region, and to the north a positive signal is associated 

with NBC retroflection feeding the NECC. 

 The third mode (EOF3) represents 5.60%, (Fig. 12) of the total variance. The spatial 

pattern in the western TA shows high variability, with alternating signals of positive and 

negative values, however it is not a well-defined pattern. In the east TA there are well-defined 

structures of alternating signals of negative and positive anomalies, between 5ºS at 5ºN. (Fig. 

12). 
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Figure 11. Second EOF mode of 22 years of the surface current speed, the Squared Covariance Fraction 

(SCF) in percentage, and the second Principal Component (PC2). 

 

 

Figure 12. Third EOF mode of 22 years of the surface current speed, the Squared Covariance Fraction 

(SCF) in percentage, and the second Principal Component (PC3). 
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WAVELET ANALYSIS OF THE SURFACE CURRENT VELOCITIES 

 Since the PCs showed similar pattern with high frequency oscillations, wavelet analyses 

were performed for the PCs of each mode of surface currents (Fig. 13). The PC1 wavelet 

analyses showed the stronger variance mainly between 2004 and 2005 with about 6-months 

periodicity. The negative phase of the Atlantic Niño present in 2004-2005 could explain the 

strong variance in the surface current velocities in these years, as identified in the PC1 of the 

zonal components. The PC2 showed a peak for 36-month period between 2004 and 2005. The 

PC3 showed three dominant periodicities of strong variance, the first was between 1996 and 

1997 for 16-month period, the second was during the 2004 and 2005 with 16-month 

periodicity, and the third for the 24-month period between 2010 and 2011. 

 

 

Figure 13. The wavelet transform of the Principal Components (PC1, PC2 and PC3) from the EOF1, EOF2 

and EOF3 respectively of the surface current speed along the Tropical Atlantic. 

 

DISCUSSION 

 The EOF analysis was applied to 22 years of current speed, zonal and meridional 

components, which allows identifying the main space-time variability in the Tropical Atlantic. 

 The first mode of the meridional component (18.77% of the total variance) identified 

structures of positive and negative cores (Fig. 2), mainly in the Western Tropical North Atlantic 

(WTNA). These structures indicate the high variability of this region, associated to NBC 
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retroflection and rings detachments, as well its westward propagations along the Guyana coast 

(Didden and Schott, 1993; Wilson et al., 2002). 

 The EOF2 of the meridional component (11.98%) showed a similar pattern to the EOF1 

(Fig. 2), with high dynamics in the WTNA, however expanding and weakening towards the 

eastern Atlantic. The successive modes of the meridional component show similar structures 

(EOFs 1, 2, 3, 4 and 5) with negative and positive cores in the WTNA. The main difference 

between these signals in the WTNA, in the modes 1 to 5, is the zonal shift of these structures 

and their relative intensities, corroborating with the high dynamics identified in this region, as 

the NBC retroflection (east to 7ºN and 52º W) and formations of anticyclonic rings. 

Furthermore, the NBC rings may be responsible for more than half of the interhemispheric 

transport of mass and heat associated with the meridional overturning circulation’s upper limb 

(Garzoli et al., 2003). 

 In the eastern TA, different patterns were identified. In the EOFs 1 to 5, alternating 

positive and negative signals were detected, but in the most cases these structures are not well 

identified. Except in the EOF2 and EOF5, where visible structures of opposite signals are 

stronger and evident. In the EOF5 these structures are strong, well defined and they propagate 

across the Atlantic basin, interacting with the WTNA structures. Despite these patterns have 

been detected with monthly data, they present structures like TIWs. According Legeckis (1977) 

and Legeckis et al. (1983), the TIWs have a wavelength of about 1000 km and a period of 30 

days. Also, Evans et al. (2009) have identified these structures using monthly SST and 

chlorophyll data. Therefore, these structures found in EOFs 1 to 5 present the same pattern 

found in Decco et al. (2016). The TIWs propagates westward of the equatorial thermal (Decco 

et al., 2016), driving energy as heat from tropical regions to other regions of the world (Cox, 

1980; Weisberg and Horigan, 1981). Sea level fluctuations associated with TIWs are strong in 

the regions between 2ᵒ N to 5ᵒ N and 2ᵒ S to 5ᵒ S, and at west of 10ᵒ W (Han et al., 2008; 

Schuckmann et al., 2008). 

 The EOF of the first three zonal components account for more than 80% of the total 

variance. The first mode of the zonal component (50.73%) identified a large structure of 

negative signal at approximately 5ᵒS – 5ºN (Fig. 6). This large and negative signal is associated 

with the central branch of the South Equatorial Current (cSEC) and part of this negative pattern 

also covers the area of the northern South Equatorial Current (nSEC), which is about 2ºN and 

3ᵒN (Urbano et al., 2008). This negative signal also flows along the north of Brazilian coast, 

representing the NBC.  Further north, between 5ºN-7ᵒN, a positive signal indicates an eastward 

flow, characterizing the NECC position (Fig. 6). The NECC flows generally eastward between 

about 3º–10ºN (Hormann et al., 2012), bounded at north by the westward North Equatorial 

Current (NEC) and at the south by the westward nSEC.  
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 The second mode of zonal component (8.23%) (Fig. 7) shows a zonal dipole with a 

positive signal in the west and a negative in the eastern TA. The negative signal in the eastern 

TA covers the area of the cold tongue, near African coast. The formation of the Atlantic cold 

tongue (ACT) is the dominant seasonal SST signal in the eastern equatorial Atlantic (Caniaux et 

al., 2011). 

 The ACT reaches its peak in July–August (Okomura and Xie, 2004), from September 

onward, the upwelling is reduced through weakening of the southerly cross–equatorial winds 

(Deppenmeier et al., 2016). De Almeida and Nobre (2012) have analysed the covariability of 

the trade winds over the western part of the basin, with SST and heat content in eastern TA. 

These mechanisms compose the Bjerknes Feedback (BF), which is responsible for the ACT 

mode. The ACT has a positive feedback phase peaking during boreal summer, when the BF is 

stronger. The negative signal identified in the eastern TA (Fig. 7) evidences that, it could be a 

response to the first BF component, once that the westward zonal currents are forced by the 

intensification of the southeasterly winds. Also, the strongest variance in the PC2 of the zonal 

component coincides with a negative phase of the Atlantic Niño in 2004-2005. Besides that, the 

positive signal in the west (Fig. 7) shows an inverse signal, associated to the warm pool region. 

 The third mode (5.67%) showed a negative axis crossing the Atlantic basin, similar to that 

identified in the EOF1. In this case, this signal is narrower and confined between 0 and 5ᵒ N, 

which could be related to a meridional shift of the cSEC. To the west, this negative signal 

follows the north Brazilian coast, as the NBC. This signal is bounded at north and south by two 

positive axes, indicating an eastward flow. The south positive pattern is limited at 5ᵒ S and 0ᵒ 

and could indicate a weakening of the cSEC. At north, the positive signal is established at 5ᵒN -

7ᵒN and coincides with the NECC position. 

 The first three modes of surface current velocities explain about 43% of the variance. The 

first mode of current speed (~ 30.0%) shows a dominant negative signal covering a broad area 

between 5ºS-5ºN and crossing the Atlantic basin. This signal is related with the cCSE, which 

flows towards the west. In contrast, a positive and weak signal at 7ᵒ N exists but it is not well 

defined as a pattern of current.  

 The second mode of current speed (8.16%) shows a zonal dipole (Fig. 11). In the western 

TA a positive signal exists covering the area of the Warm Pool. In the eastern TA, a negative 

pattern is predominant in the cold tongue. This pattern is similar to the EOF2 of the zonal 

component, which is about 28% of the variance. This pattern reinforces about the importance of 

this zonal dipole, also representing a mode controlled by the Bjerknes Feedback.  

 The third mode of the current velocities (EOF3 5.60%) shows a positive signal in the 

western TA (Fig. 12). Besides that, the third mode represent a small part of the variance, the 

pattern identified in the eastern TA shows a well-defined intermittent structure of alternating 
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positive and negative signal. This pattern is similar to the EOF2 of the meridional component 

(~12%), that could be associated to the Tropical Instability Waves. 

 

SUMMARY AND CONCLUSIONS 

 In this study, we used 22 years dataset of monthly zonal and meridional surface currents 

to analyse their main modes of surface circulation variability in the Tropical Atlantic.  

 The EOFs of the meridional component identified variance, represented by the three first 

three modes, suggest high variability associated to North Brazil Current (NBC) retroflection and 

rings detachments in the WTNA and the TIWs in the eastern TA. Detect the main modes of 

variance in this region is important, once the NBC variability and rings are important for the 

ocean-atmosphere exchange climate implications, since they contribute for more than half 

inter-hemispheric transference of heat and mass (Garzoli et al., 2003), propagating westward 

along the Guyana coast (Didden and Schott, 1993; Wilson et al., 2002). Besides, the three main 

modes also indicated patterns associated to the propagation of TIWs westward along the 

equator (Decco et al., 2016), which is an important conduct of heat from tropical regions to 

other parts of the planet (Cox, 1980; Weisberg and Horigan, 1981). 

 The first mode of zonal component identifies negative crossing basin signal representing 

the predominant transport westward by the zonal currents. This negative signal covers the 

Central South Equatorial Current (cSEC), part of area of the Northern South Equatorial Current 

(nSEC), and along the WTNA where the NBC flows. Further north, a positive signal showed an 

eastward flow, characterizing the North Equatorial Countercurrent (NECC) position. The zonal 

EOF2 (~8% of variance) detected a zonal dipole with a positive signal in the western, and a 

negative in the ACT region. Quantify the contribution of this pattern to the TA variability is 

important, once the ACT is associated with the highest concentrations of Chl-a in the TA, which 

occurs from 20ᵒ to 10ᵒW and between 1ᵒS and the equator, with a main seasonal peak in June–

August (Jouanno et al., 2011).The EOF3 is similar to that identified in the EOF1, however in this 

case, this signal is confined between 0ᵒ and 5ᵒN, which could be related to a meridional 

northward shift of the cSEC. There are two positive signals, the south signal could indicate a 

weakening of the cSEC, and the north coincides with the NECC position.  

 In the surface current speed analysis, we can infer the dominant role of the zonal 

component in the TA. EOF1 (~30%) showed a dominant negative signal covering a large area 

crossing the Atlantic basin, related to the cCSE in which flows westward. The EOF2 (8.16%) 

showed the importance of the zonal dipole, similar in the spatial pattern and variance to the 

zonal EOF2 (8.23%) of the zonal component. This pattern in the western of TA covers the area 

of the Warm Pool and the cold tongue area at the eastern of TA. Thus, the large-scale surface 

circulation in the TA is characterized by strong zonal variability and this upper-ocean zonal 
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current system is very important for the interhemispheric and west-to-east exchange of heat, 

salt and nutrients (Brandt et al., 2008, Foltz et al., 2003, Kirchner et al., 2009). 

 The results of this work contribute to the understanding of the surface currents dynamics, 

zonal and meridional transport variability, and ocean-atmosphere interaction processes. As well 

as studies of air-sea CO2 exchanges, nutrients, heat and mass distribution in the TA, besides 

that, this study has also the potential base line for further investigations associated to climatic 

signals. 
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